ABSTRACT. The vascular flora of Coneflower Glacial Drift Hill Prairie Natural Area in Moultrie County, east-central Illinois, was studied during the growing seasons of 2002 and 2003. The prairie is located on a steep SW-facing hillside of the Cerro Gordo Glacial Moraine, overlooking the Kaskaskia River Valley and Lake Shelbyville. The flora was documented by general reconnaissance, and the structure of the vegetation was sampled in September 2003 using 0.25 m 2 plots placed along two transects. The site supported 164 vascular plant species (including one named hybrid). The native grasses with the highest importance values were Andropogon gerardii (big bluestem) and Schizachyrium scoparium (little bluestem). Important forbs included Euphorbia corollata (flowering spurge), Helianthus divaricatus (woodland sunflower), Ratibida pinnata (drooping coneflower), and Comandra umbellata (false toadflax). Exotic species were represented by 28 taxa, 16.4% of the flora. The community had a Floristic Quality Index of 38.82, indicating a site of statewide significance.
Glacial drift hill prairies are not associated with loess deposits, having developed on glacial drift of Wisconsin and Illinoian age, from which the loess has been lost due to erosion and soil slumping. Edaphic conditions are, in part, probably responsible for their existence because they occur on low-nutrient, rocky, and clayey soils that contain little organic material (McClain et al. 2002) . A combination of factors, including south-to west-facing slope aspect, steep slope angle, dry prevailing winds, and soils that allow for rapid water runoff (Robertson et al. 1995) results in the droughty conditions that slow woody encroachment. Even with these environmental conditions, however, woody plant encroachment does slowly take place. Of the nine small prairie inclusions reported by Vestal (1918) , only three were found in 1978 (Reeves et al. 1978) . More recently, Behnke and Ebinger (1989) found only one inclusion that still contained typical prairie vegetation, and three others degraded by woody species encroachment, while there was no trace of the other five. Owens and Cole (2003) found only one of these prairie openings remaining.
Present observations indicate that glacial drift hill prairies are relatively transient communities. While degraded small remnants occasionally are found, the few that remain are being rapidly eliminated by woody encroachment. One remnant, the Coneflower Glacial Drift Hill Prairie Natural Area, was nearly lost due to woody encroachment, and to a conservation plantation of Pinus banksiana ( jack pine) and wildlife food plots of Elaeagnus umbellata (autumn olive) and Lonicera maackii (Amur honeysuckle; Bob Szafoni, Natural Heritage Biologist, Illinois Dept. Natural Resources, pers. comm.). Removal of the woody exotics in 1990, and active management using brush removal and fire, have dramatically improved the natural quality of the site. The present study was undertaken to determine the vascular plant species composition, vegetation structure, and floristic quality of this small hill prairie.
STUDY AREA
The Coneflower Glacial Drift Hill Prairie Natural Area (or Coneflower Prairie), about 1.2 ha in size, is located in east-central Illinois, about 3 km west of Allenville, Moultrie County (SE1/4 SW1/4 S19 T13N R6E; 39u339030N, 88u349330W). This hill prairie is situated near the top of a southwest-facing hillside that overlooks the Kaskaskia River Valley and Lake Shelbyville (Figure 1 ). This site is located at an elevation of about 185 m on the Cerro Gordo recessional moraine of Wisconsin glaciation in the Grand Prairie Section of the Grand Prairie Natural Division (Schwegman 1973) . Most of the vegetation of this division was dry to wet ''black soil'' tallgrass prairie found on nearly level ground, while on the more dissected moraines, river valleys, and other hilly areas, the vegetation was dominated by forest (Anderson 1991; Ebinger and McClain 1991) . Prairie openings were common on these areas of rough topography, when edaphic and microclimatic conditions combined to produce excessively droughty sites.
The soil of the Coneflower Prairie is classified as Miami loam, with 18 to 35% slope (Leeper and Gotsch 1998) . These soils are highly eroded with little of the original A horizon present, are well drained, low in organic content, and slightly acid. Some soil slumping has occurred on the steeper slopes, exposing the clayey subsoil. Many gravel-sized pebbles and a few stones to 15 cm in diameter are imbedded in these soils. According to Leeper and Gotsch (1998) loess deposits originally covered these soils but have been eroded away. In this part of Illinois, precipitation averages 97.5 cm, with April having the highest rainfall (9.4 cm). Mean annual temperature is 11.8uC, the hottest month being July (average of 24.6uC), the coldest being January (average of 23uC). The average number of frost-free days is 171 (Midwestern Regional Climate Center 2004 Mohlenbrock (2002) and the assignment of non-native status was determined using Taft et al. (1997) and Mohlenbrock (2002) .
Ground-layer species were analyzed in early September 2003 using 0.25 m 2 quadrats located at one-meter intervals along two randomly placed 25 m transects oriented perpendicular to the slope (N 5 25 per transect). Even-numbered quadrats were placed to the right, odd-numbered to the left side of the transect lines. Thus, a total of 50 plots were used to determine the ground-level species cover. Herbaceous species, shrubs, and tree seedlings and saplings up to one meter in height were included in the sampling; no woody species greater than one meter in height was encountered in the transects. Percent cover for each species, as well as for bare ground and litter, was determined by using the Daubenmire cover class system (Daubenmire 1959) as modified by Bailey and Poulton (1968) , in which class 1 5 0-1%, class 2 5 2-5%, class 3 5 6-25%, class 4 5 26-50%, class 5 5 51-75%, class 6 5 76-95%, and class 7 5 96-100%. Mean cover, relative cover, frequency (%), relative frequency, and importance value (IV) of each species were determined. As used here, IV is the sum of the relative frequency and relative cover.
The Floristic Quality Index (FQI) of the site was determined using the coefficient of conservatism (CC) assigned to each species by Taft et al. (1997) . For each species in the Illinois flora, the CC was determined by subjectively assigning an integer from 0 to 10, based on its tolerance to disturbance and its fidelity to habitat integrity. The FQI is a weighted index of species richness (N 5 Table 1 . Mean cover, relative cover, frequency, relative frequency, and importance value (IV) for the species encountered in the quadrats on Coneflower Glacial Drift Hill Prairie Natural Area, Moultrie County, Illinois. * 5 non-native species (Mohlenbrock 2002; Taft et al. 1997 number of species present), and is the arithmetic product of the average coefficient of conservatism (C-Value 5 the average of all species CCs) multiplied by the square root of the species richness (!N):
FQI~C-Value | HN Therefore, the FQI indicates the level of habitat degradation and provides an assessment of the quality of each tract based on the taxa present. It is particularly useful when combined with quadratbased sampling methods and provides a way of making quantitative comparisons among sites.
RESULTS
A total of 164 species representing 52 families and 127 genera was documented for Coneflower Prairie (Appendix). Ferns and gymnosperms were represented by one species each. Of the remainder, 122 were dicots in 43 families and 101 genera, and 41 were monocots in 7 families and 24 genera. Of these totals, 33 were woody species, while 28 were exotic. The predominant plant families were the Asteraceae with 29 species and the Poaceae with 22 species (including one hybrid). No state-listed endangered or threatened species were found (Herkert and Ebinger 2002) .
Of the 164 species encountered, 37 were recorded in the quadrats (Table 1) . Of these, Andropogon gerardii (big bluestem) was the most plentiful, having a frequency of 76%, a relative cover of 30.71, and an IV of 42.19. The other common prairie grass was Schizachyrium scoparium (little bluestem), which ranked eleventh with an IV of 5.30. Euphorbia corollata (flowering spurge) ranked second in importance with an IV of 19.07, Helianthus divaricatus (woodland sunflower) ranked third with an IV of 18.83, followed by Ratibida pinnata (drooping coneflower), and Comandra umbellata (false toadflax). In total at this site, seven native prairie species that 2006] are common components of glacial drift hill prairies had IVs greater than 10 (the five listed plus Rosa carolina and Echinacea pallida; White and Madany 1978). The FQI for this site, when non-native species were included, was 38.82 with a mean C-value of 3.07; with the nonnative species excluded from the calculations the FQI was 42.90 with a mean C-value of 3.75. This indicates that, due to its species diversity, the site is of statewide significance (Taft et al. 1997 ).
Though 28 non-native species were found during the present study, only Achillea millefolium (common yarrow), Melilotus officinalis (white sweet clover), and Poa pratensis (Kentucky bluegrass) were encountered in the quadrats, all with low IVs (Table 1 ). The remaining non-native species were restricted to disturbed habitats or along the roadside at the northeast edge of the prairie. The exotic shrubs Elaeagnus umbellata (autumn olive) and Lonicera maackii (Amur honeysuckle), species previously planted in the area, were occasionally encountered at the edges of the prairie.
Of the 33 woody species observed on Coneflower Prairie, Rosa carolina (pasture rose) was common, ranking sixth in importance with a frequency of 50% and an IV of 12.27 (Table 1) . Other woody species were occasionally found in the quadrats, including Sassafras albidum (sassafras), Cornus drummondii (rough-leaved dogwood), Quercus alba (white oak), and Diospyros virginiana (persimmon). The remaining 28 woody species were represented as seedlings or small plants, mostly restricted to the prairie edge or in several small gullies at the lower edge of the prairie.
DISCUSSION
Glacial drift hill prairies are small, relatively transient communities on heavy, clayey, glacial soils in which the overlying loess has been removed by erosion. These openings are created by soil slumping that exposes bare ground, which rapidly succeeds to a community containing many prairie grasses and forbs. The steep slope, poor soil low in nutrients, and the xeric conditions, particularly on south-and southwest-facing steep slopes, initially prevents the establishment of most woody species. Schizachyrium scoparium is one of the early invaders on these sites. With the increased organic material and soil stability, other xeric prairie species become established. Once the prairie flora has developed, woody encroachment occurs along all edges of the hill prairie and rapidly increases in extent and diversity. Between 50 and 80 years are usually necessary to completely eliminate a small prairie opening. Only a few hardy prairie grasses and forbs are found in the ground-layer of the immature forest.
Glacial drift hill prairies typically have low species diversity, which is probably related to their origin. These communities develop on hillsides where the soil has slumped, leaving an extensive bare area. On these exposed areas the soil typically has a high clay content, and is subjected to severe soil erosion as little vegetation is present. At our study site, Coneflower Prairie, bare ground ranged from 22 to 45% in the study plots (average of 31%; Table 1 ). McClain et al. (2002) found that bare ground ranged from 10 to 33% in the four small glacial drift prairies in Macoupin County, while Owens and Cole (2003) reported an average of 69% bare ground for a glacial drift prairie in Coles County. Their small size, poor soil, and their rapid loss by forest encroachment are probably the reasons why glacial drift prairies have low species diversity and rarely support endangered or threatened species.
Woody encroachment was extensive around the edges of Coneflower Prairie. Without continued management involving brush removal and fire, this encroachment would soon eliminate the prairie. This pattern of encroachment proceeds relatively slowly at first, but rapidly increases as patch size becomes smaller (Schwartz et al. 1997) . Generally, native and introduced exotic shrubs encircle the prairie edge. These shrubs rapidly increase in abundance, shading and competing with the prairie vegetation for light, water, and soil nutrients. This encroachment and the planting of introduced exotic species on the prairie in the late 1970s nearly eliminated Coneflower Prairie. The removal of these exotic plantings in 1990, and the continued management using fire and cutting has dramatically improved the natural quality of this site. This intensive management has resulted in Coneflower Prairie being one of the few areas added to the Illinois Natural Areas Inventory due to management activities.
Coneflower Prairie is very similar in species composition to other glacial drift hill prairies throughout central Illinois. Ebinger (1981) found many of the same prairie species in five hill prairies in Coles and Vermilion Counties, east-central Illinois. More recently, McClain et al. (2002) examined a few glacial drift prairies on Illinoian glacial till in Macoupin County, central Illinois. On these small prairies, Andropogon gerardii and Schizachyrium scoparium were the common grasses while many of the forbs encountered were the same as those found at Coneflower Prairie.
Other glacial drift hill prairies studied had higher concentrations of legumes than Coneflower Prairie. McClain et al. (2002) recorded five species of native legumes in their plots in Macoupin County glacial drift prairies, while Ebinger (1981) recorded eight native legumes in glacial drift prairies in east-central Illinois. The only native legumes encountered at Coneflower Prairie were Dalea purpurea and Orbexilum onobrychis, with only D. purpurea in the transect study plots (Table 1) . A few exotic legumes were uncommon, and except for Melilotus officinalis, were not recorded in the plots. It is possible that the low number of legumes recorded for Coneflower Prairie is the result of past grazing. We have no knowledge of past grazing for this area, but nearly all parts of central Illinois that were not under cultivation were commonly used for grazing into the 1950s. Heavy grazing and shading from the plantings of exotic species could have impacted the native legumes.
Continued management will be necessary to maintain Coneflower Prairie. Hill prairies, both loess and glacial till, are rapidly disappearing due to woody species encroachment. McClain and Anderson (1990) found loess hill prairies were decreasing in size due to woody encroachment and that many had disappeared. More recently, Schwartz et al. (1997) found that most hill prairies have diminished in size by more than 50% since 1940, with many of the smaller ones being completely eliminated. These studies showed a clear trend toward hill prairie loss, along with a corresponding decrease in species diversity in the few remaining hill prairies.
Vascular plant species encountered at Coneflower Glacial Drift Hill Prairie Natural Area, Moultrie County, Illinois. Species are listed alphabetically by family under divisions of the Plant Kingdom. An asterisk indicates non-native species (Mohlenbrock 2002; Taft et al. 1997) . Nomenclature follows Mohlenbrock (2002) . The following terms are used to describe the abundance: rare (one or two occurrences), occasional (of sporadic occurrence), frequent (of widespread occurrence), abundant (plentiful or dominant). The distribution and abundance of each species is given, according to the following vegetation types: forest border (FB), hill prairie (HP), shrub thicket border (STB), roadside border (RB), seep (S). For woody species, an indication of the size of the plants (seedling, sapling, shrub, or tree) is also provided. Collection numbers are those of Gordon C. Tucker. Specimens are housed in the Stover-Ebinger Herbarium (EIU), with some duplicates at GH, ILLS, ISM, and SIU. 
